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tumor necrosis factor inhibitors in
rheumatoid arthritis: a systematic review
Megan M. Sullivan1* , Michael M. Pham2, Lisa A. Marks3 and Fawad Aslam2

Abstract

Background: Persistent monoarthritis in otherwise well-controlled rheumatoid arthritis presents a therapeutic
challenge. Intra-articular (IA) steroids are a mainstay of treatment, though some have queried whether IA disease
modifying anti-rheumatic drugs (DMARD) and biologics can be used in those who fail steroid injections.

Methods: A systematic literature review was conducted using four medical databases to identify randomized,
controlled trials assessing IA therapies in RA patients. Included studies underwent Cochrane Risk of Bias 2
assessment for quality.

Results: Twelve studies were included, 6 of which examined intra-articular (IA) TNF inhibitors (TNFi), and 6 studies
evaluating IA methotrexate. Of those evaluating IA TNFi, one study reported statistical improvement in TNFi therapy
when compared with placebo. The remaining 5 studies compared IA TNFi therapy with steroid injections. IA TNFi
had statistically improved symptom scores and clinical assessments comparable with IA steroid treatments.
In the 6 studies evaluating IA methotrexate, the addition of methotrexate to steroid intra-articular therapy was not
found to be beneficial, and singular methotrexate injection was not superior to the control arms (saline or
triamcinolone). Risk-of-bias (ROB) assessment with the Revised Cochrane ROB tool indicated that 2 of 6 TNFi studies
were at some risk or high risk for bias, compared with 5 out of 6 methotrexate studies.

Conclusion: For persistent monoarthritis in rheumatoid arthritis, IA methotrexate was not found to have clinical
utility. Intra-articular TNFi therapy appears to have equal efficacy to IA steroids, though the optimal dose and
frequency of injections is yet unknown.

Keywords: Rheumatoid arthritis, Intraarticular, Monoarthritis, Joint, Injection, Corticosteroid, Methotrexate, Review,
Tumor necrosis factor inhibitor

Background
The continued expansion of immunosuppressive medi-
cation options has greatly improved disease activity con-
trol in rheumatoid arthritis (RA) patients. However,
persistent symptomatic monoarthritis can be a problem
in some patients who otherwise have satisfactory disease

control [1]. Intra-articular (IA) steroid injections have
remained a treatment cornerstone for these patients, but
the need for other therapies is clear. Patients can fail
such therapy, may develop adverse effects or have co-
morbidities that are exacerbated by intra-articular ste-
roids. Almost 50% of patients can relapse after an IA
corticosteroid injection [2]. There can be patient and
provider hesitation, primarily driven by concern for ad-
verse effects, to add or escalate systemic immunosup-
pressive treatment for isolated monoarthritis. A similar
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situation arises in some patients with isolated inflamma-
tory monoarthritis, without an associated systemic dis-
ease or even an underlying diagnosis, where systematic
immunosuppressive treatment may seem aggressive
compared to the more localized IA therapy.
The aforementioned clinical scenarios are uncommon

but real problems seen in everyday rheumatology clinical
practice. After exhausting IA steroid treatments, thera-
peutic paths forward are unclear. In such situations,
surgical and radiation-induced synovectomy have been
employed as treatment approaches [3, 4]. Several studies
have looked at the utility of other IA immunosuppres-
sive treatments as a management option for persistent
inflammatory monoarthritis. The medicines studied have
included methotrexate and tumor-necrosis-factor inhibi-
tors (TNF-i). The aim of this systematic review was to
evaluate the suitability and effectiveness of IA metho-
trexate and/or IA TNF-i to treat persistent monoarthritis
in RA patients.

Materials and methods
Eligibility criteria
This systematic review was conducted in accordance
with the recommendations of Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) [5].
Studies fulfilling the following criteria were included: 1)
randomized, controlled trials with an objective of evalu-
ating efficacy of novel (defined as disease modifying
anti-rheumatic drugs [DMARD] e.g. methotrexate and/
or biologics e.g. etanercept) IA agents against standard
of care IA agents e.g. corticosteroids, 2) studies included
patients with rheumatoid arthritis and/or persistent in-
flammatory arthritis, 3) studies enrolled human subjects.

Search strategy and information sources
A literature search was conducted on 10th August
2020 by a trained, experienced medical librarian util-
izing medical subject heading (MeSH) and text words
related to the study question. The following keywords
and their combinations were used in the search strat-
egy to identify various DMARD IA therapies that may
have been described in the literature: “intra-articular
joint injection”; “intra-articular injection”; “rheumatoid
arthritis”; “arthritis”; “antirheumatic agents”; “anti-in-
flammatory agents”; “immunosuppressive agents”;
“abatacept”; “monoclonal antibodies”; “belimumab”;
“certolizumab pegol”; “certolizumab”; “cyclophospha-
mide”; “cyclosporine”; “etanercept”; “leflunomide”;
“methotrexate”; “sirolimus”; “adalimumab”; “enbrel”;
and “infliximab”. The following MeSH terms were
used in conjunction with their keyword counterparts.
Keywords and MeSH terms were combined using the
Boolean operators “AND” and “OR”. A sample search
strategy is given as supplementary Table 1.

Searched databases included Ovid MEDLINE, Ovid
EMBASE, Scopus, and Web of Science. There was no
publication date limit. Search was restricted to English
language studies. Non randomized studies, studies with
non-adult population studies and non-English studies
were excluded. Conference abstracts were not excluded.
Bibliography of identified studies was scanned to identify
further studies for inclusion. Additional relevant studies
identified from review articles on topics of intra-articular
joint injections and rheumatoid arthritis therapy were
also included. Per the 2020 PRISMA checklist, a sample
strategy is provided in the supplementary material.

Study selection and data collection
Reference duplication assessment and data management
were performed with EndNote library (version X9, Clari-
vate analytics). Two authors (FA and MM) independ-
ently sorted the identified abstracts for inclusion in the
review. The full text article was reviewed for inclusion
determination if an abstract was not available at this
stage. The identified abstracts led to full-text review by
each of the two authors for eligibility. Conflicts were re-
solved by consensus. Exclusions of full-text papers were
recorded with their listed exclusion criteria. Information
from the final included papers was reported by one re-
viewer (MM), and then reexamined by the second re-
viewer (FA) for accuracy. Data recorded included first
author, publication year, study location, study design,
study participant number, treatment arm regimens, out-
come assessments, and adverse reactions to therapeutic
interventions. Due to expected study heterogeneity,
summary measures were not calculated

Assessment of methodologic quality
The risk of bias in included studies was further evaluated
by the Cochrane Risk of Bias 2 (RoB2) for randomized
trials [6]. The RoB2 assesses risk of bias in five domains,
including the randomization process, intended interven-
tions, missing outcome data, measurement of outcome,
and selection of the reported result. Each domain is
rated as: high risk of bias, low risk of bias, or unclear risk
of bias. Two authors (MM and MP) independently
assessed the studies and resolved conflicts through con-
sensus. In absence of consensus, an additional author
(FA) gave the final assessment.

Results
A total of 1013 citations were retrieved from the medical
database searches. After removing duplicate references,
808 citations were reviewed based on inclusion and ex-
clusion criteria. Full texts of 39 studies were reviewed, of
which 29 were excluded:16 for the incorrect study type
and 12 for an intervention other than IA DMARDs. Two
additional studies were identified on bibliography review
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of the relevant literature. 12 studies were included in the
final review. Study selection flowchart is shown in Fig. 1.
Six studies investigated IA methotrexate while five stud-
ied IA etanercept. One study investigated different bio-
logic agents: infliximab, etanercept, or adalimumab.
Additional studies evaluating adalimumab did not meet
our inclusion criteria.

Intraarticular methotrexate
Table 1 gives the details of the six included studies. Five
studies evaluated knees only and the only study not
doing so, studied elbows, wrists and ankles. The in-
cluded studies had variable methotrexate dosing (ran-
ging from 5mg to 80 mg), administration protocols,
follow-up durations and outcome measures. Three of
the six studies did not report on adverse effects.
The first randomized trial compared IA methotrexate

plus IA hydrocortisone with IA hydrocortisone alone in
12 RA patients with persistent knee synovitis [7]. No in-
cremental benefit from IA methotrexate, based on clin-
ical assessment at 3 months, was detected. They did not
report on adverse effects. Then in 1977, Bird and col-
leagues randomized 42 inflammatory arthritis patients,
mostly RA but some with psoriatic arthritis, to IA triam-
cinolone or IA methotrexate for knee synovitis [8]. The
methotrexate dosing was variable. With thermographic
index as the primary outcome, methotrexate was inferior
to triamcinolone, in both the RA and psoriatic arthritis
patients. They did not report on adverse effects. Hall

and colleagues performed a randomized double blind
trial in 15 RA patients, comparing IA MTX (given as
three doses) with IA saline for knee synovitis [9]. All pa-
tients had arthroscopic saline washout at the onset, be-
fore trial medicine administration. At 3 month
arthroscopic assessment, no significant difference be-
tween the two groups was found. They also studied 5
patients with psoriatic arthritis and noticed some short-
term benefit from IA methotrexate in this group. They
did not report on adverse effects. Both the aforemen-
tioned studies made the interesting observation of the
injected MTX entering the contralateral non-injected
knee within an hour [8, 9]. A larger study looked at 82
RA patients with persistent knee symptoms [10]. They
had three intervention arms: IA triamcinolone, IA triam-
cinolone plus IA methotrexate, and IA triamcinolone
plus IA rifampin. At 3 months, the rifampin group had
better control, based on a pain-scale outcome, but at 6
months, all groups were similar. Two (7.0%) patients in
the methotrexate group reported post-injection pain
compared to 11 in the rifampin group. One (3.5%)
methotrexate group patient developed mouth ulcers at
day 10. The 2004 study by Hasso compared IA MTX
plus triamcinolone (20 mg each) with IA triamcinolone
(20 mg) alone in 38 patients with inflammatory knee
synovitis [11]. 23 patients had RA and the rest had other
seronegative arthritides. No meaningful difference was
noted between the two groups at 24 weeks of follow-up.
No local adverse side effects occurred in either group.

Fig. 1 Study selection flowchart for systematic review
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Table 1 Randomized Control Trials Evaluating Intraarticular Methotrexate for Persistent Monoarthritis in RA

Author,
Year,
Country

N of RA Objective (s) Study
Design

Time
in
Weeks

Primary
Outcome

Joints Results* Conclusions Side Effects

Marks
[7], 1976,
United
Kingdom

12
unclear
allocation
distribution

Comparison of
IA MTX +
hydrocortisone
vs
hydrocortisone
alone

Randomized,
Single-blind

36 Pain and
physician
assessment.
Not clearly
specified.

Knee 5 patients in each
group felt
improvement
following injection,
3 patients had
objective
improvement on
knee examination
in each group

MTX +
hydrocortisone
was not superior
to hydrocortisone
alone

No adverse
events reported,
though CBC and
LFT’s had been
evaluated

Bird [8],
1977,
England

42 total, 23
with RA
MTX: 9
Steroid: 14

Comparison of
IA MTX with IA
triamcinolone
hexacetonide
by
thermography

Randomized 3 Thermography Knee The thermographic
index improved in
the triamcinolone
group and was
sustained through
3 weeks (0.02 > p >
0.01 at 7 and 14
days) when
compared with
MTX. More
patients rated their
pain as improved
in the steroid
group (p < 0.0005)

Triamcinolone was
superior to MTX in
reducing
thermographic
indices of injected
knee joints

Not discussed

Hall [9],
1978,
England

20 total, 15
with RA
MTX: 3
Saline: 4
MTX &
saline to
one knee
apiece: 8

Comparison of
IA MTX vs
Saline

Randomized,
Double-blind

12 Clinical
assessment;
Arthroscopy
findings on
day 0 and
after 12 weeks

Knee Clinical measures
improved in both
groups, though
there were not
differences
between groups.
Less synovial
inflammation was
seen on 3-month
arthroscopy re-
gardless of treat-
ment group

No benefit of MTX
over saline

Not assessed

Blyth
[10],
1998,
Scotland

82
Steroid: 27
Steroid +
MTX: 28
Steroid +
Rifampicin:
27

Comparative
study of IA
triamcinolone,
triamcinolone
and rifampicin,
and
triamcinolone
and MTX

Randomized,
Single-blind

24 5-point pain
scale

Knee Triamcinolone +
rifampicin resulted
in statistically
significant pain
control at 3
months (p = 0.039),
and the
percentage of pain
free patients was
higher (p < 0.001).
All groups
improved
compared to
baseline, but no
significant
differences noted
between
triamcinolone
+MTX to
triamcinolone
alone

Addition of MTX
to triamcinolone
did not provide
any additional
relief

11/28 patients
had post-
injection pain
flares with rifam-
picin. 1 patient
who received
MTX had mouth
ulcers 10 days
after injection

Hasso
[11],
2004,
United
Kingdom

38, 29 with
RA
MTX +
steroid: 20
Steroid: 18

Comparison of
IA MTX +
triamcinolone
vs
triamcinolone
alone in knee
synovitis

Randomized,
Double-blind

24 Patient and
assessor global
assessments of
disease
activity, knee
pain VAS,
duration of
stiffness, joint

Knee Symptoms scores
improved
significantly in
both groups with
worsening
between week 12–
24, but no
difference

The addition of
MTX to steroid
injection did not
improve symptom
scores or clinical
response
compared with
triamcinolone

11 patients had
mild elevation
of liver
transaminases,
did not clarify
treatment group
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The most recent trial investigating IA methotrexate
was from 2018 [12]. This study enrolled 100 RA pa-
tients and was unique as it included elbows, wrists
and ankles but no knees. One group received IA tri-
amcinolone 40 mg once in the affected joint, while
the other group received weekly IA methotrexate at
10 mg per injection for 8 weeks. All injections were
with ultrasound (US) guidance. At 20 weeks, they
found IA MTX was superior to IA triamcinolone in
terms of pain scores and US parameters (both gray-
scale and Doppler). In terms of adverse effects, two
(3.5%) patients in the methotrexate group developed
oral ulcers while one (1.8%) developed post-injection
nausea. Three (6.9%) patients in the triamcinolone
group reported post-injection arthritis flare.

Intraarticular etanercept
Table 2 encompasses the findings of the intra-
articular TNFi therapies. Bliddal et al. investigated
single injections of IA etanercept 25 mg vs. IA meth-
ylprednisolone 40 mg under US guidance in 38 RA
patients [13]. RA flare in a joint (elbow, wrist or
knee) was treated, with wrists being the most com-
mon. At 4 weeks follow-up, there was no difference in
pain outcome between the two groups. One patient
(5.6%) in the TNF-i group developed a lower extrem-
ity rash while one patient (5.0%) in the steroid group
developed atrial fibrillation. A 2008 study compared
the effectiveness of single IA etanercept 25 mg vs. IA
methylprednisolone 40 mg under US guidance in the
wrist joints of 25 RA patients [14]. In addition to

clinical outcomes, they also assessed response by US
and magnetic resonance imaging (MRI). The out-
comes in both groups were similar. Notably, clinical
improvement was noted in both groups but, surpris-
ingly, imaging improvement was absent; in fact, de-
terioration was noted. They did not report on adverse
effects. Roux from France compared IA etanercept 25
mg vs. IA betamethasone 4 mg, given under radio-
graphic guidance, in elbow, wrist (most common),
and knee or ankle monoarthritis in 34 randomized
RA patients [15]. Clinical outcomes were similar, with
both groups showing significant improvement, at 4
and 24 weeks. One (5.9%) phlebitis occurrence was
noted in the etanercept group. Aalbers et al. investi-
gated 11 RA patients (9 knee joints), as part of a lar-
ger group of 30 patients (the rest with psoriatic
arthritis), for efficacy of a single IA etanercept 25 mg
vs. IA normal saline [16]. Etanercept led to a statisti-
cally significant improvement in composite outcomes
at 2 weeks, with the pain response sustained till 6
weeks. Overall adverse events were not statistically
significant between the two groups. The most recent
study investigating etanercept was from 2020 [18]. 50 RA
patients with active monoarthritis were randomized to ei-
ther a single IA etanercept (25mg for wrist and ankle
joints and 50mg for knee joints) vs. IA methylpredniso-
lone 40mg in all joints, under US guidance. At week 1,
etanercept was better; at week 4, both were equal; and at
week 12, methylprednisolone was better based on clinical
assessment outcomes. US results were mixed. No serious
adverse effects occurred.

Table 1 Randomized Control Trials Evaluating Intraarticular Methotrexate for Persistent Monoarthritis in RA (Continued)

Author,
Year,
Country

N of RA Objective (s) Study
Design

Time
in
Weeks

Primary
Outcome

Joints Results* Conclusions Side Effects

circumference between treatment
groups. 9 patients
required repeat
corticosteroid
injections (5 in the
triamcinolone
group and 4 in the
MTX group)

alone in chronic
knee synovitis

Mortada
[12],
2018,
Egypt

100
MTX: 56
Steroid: 44

Comparison of
IA MTX vs
triamcinolone
acetonide

Randomized,
Single-blind

20 VAS, US
findings

Ankle,
wrist,
and
elbow

Clinical parameters
and ultrasound
findings improved
in both groups by
week 8. The
clinical
improvement
continued in the
MTX group to
week 20, but
plateaued in the
steroid group (p =
0.04)

Repeated IA MTX
injections resulted
in a decrease of
synovitis in
medium-sized
joints when com-
pared with a sin-
gle triamcinolone
injection

2 participants in
MTX group had
oral ulcers, 1
had post-
injection nausea.
3 in the steroid
group had joint
flares

CBC complete blood count; LFT liver function tests; MTX methotrexate; N number; RA rheumatoid arthritis; US ultrasound; VAS visual analog scale
*: When not given, p-value was not reported in the study or was statistically not significant
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Other intraarticular TNF-i
This Italian study had 41 RA patients [17]. They com-
pared IA TNF-i (adalimumab 40 or etanercept 50 or
infliximab 100) mg vs. IA triamcinolone 40 mg, each
injected monthly under US guidance for a total of 3
doses. Wrists, metacarpophalangeal joints and knees
were the most commonly involved joints. Interestingly,
patients were also on systemic TNF-i therapy. The agent
used for systemic therapy was utilized for intra-articular
therapy if they were randomized to the TNFi treatment
arm. Primary outcome was a visual pain scale, with im-
aging based secondary outcomes. Pain outcomes were
significantly better in the TNF-i group up to 24 weeks of
follow-up. Gray-scale and Doppler US as well as MRI
improvements were significantly more pronounced in
the TNF-i group. The response was better in the
large joints. Clinical remission was achieved earlier in
the TNF-i group (4 weeks) vs. the triamcinolone (8
weeks) group. The TNF-i group had no flares com-
pared to several in the triamcinolone group at 52
weeks of follow-up. They noted that the TNF-i effect
was independent of the type of TNF-i. No serious ad-
verse events were reported.

Risk of Bias assessment
Out of the 6 included trials that evaluated IA methotrex-
ate, 4 of the studies were deemed at high risk of bias, 1
with some concern of bias, and 1 with low risk of bias
(Table 3). In trials evaluating IA TNFi therapy, 1 study
was deemed at high risk of bias, 1 with concern for bias,
and 4 studies were considered at lower risk of bias
(Table 4).

Discussion
There is an unmet need of IA agents to control active
inflammatory monoarthritis in patients with underlying
inflammatory joint diseases, primarily RA, when IA cor-
ticosteroids fail to work, lose efficacy or cause adverse
effects and systemic therapy is not the preferred option.
MTX and etanercept have been most studied in this
respect.
MTX has been studied as an IA agent either in com-

bination with corticosteroids or as a substitute for corti-
costeroids in refractory monoarthritis. A 2004 Welsh
study anecdotally mentioned that IA MTX and IA cor-
ticosteroid combination was being commonly used [11].
In our analysis, MTX was not found to be a useful treat-
ment for mono-articular synovitis of the knee. Studies
comparing IA MTX to IA saline and addition of IA
MTX to other IA corticosteroids showed no benefit.
What about using IA MTX in place of IA corticoste-
roids, if the latter are ineffective or contraindicated? The
only study with a head-to-head equivalent comparison
of IA MTX with IA corticosteroids found no benefit

with MTX thus casting doubt on using IA MTX as an
corticosteroid alternative [8]. The only study that fa-
vored IA MTX comparing it to IA corticosteroids, and
evaluating non-knee joints, was the 2018 study compar-
ing one IA triamcinolone injection to a total of eight IA
MTX injections given weekly [12]. Notably, this was also
the only study, in our review, that studied joints other
than the knees (all other studies investigated the knee
joints). However, any meaningful conclusion is difficult
to ascertain because of this major difference in the ad-
ministration frequency. Additionally, weekly IA MTX
may not be clinically feasible. What we can extrapolate
is that weekly IA injections of MTX do not have any
substantial short-term adverse effects. In summary, there
is no evidence in favor of using IA MTX for treatment
of persistent knee synovitis. There may be some very
weak evidence to support its use in non-knee
monoarthritis.
IA corticosteroids has been an integral part of RA

management. However, this may not remain the case in
the future, necessitating alternate choices. In osteoarth-
ritis, IA corticosteroid use is starting to fall out of favor
due to lack of benefit and concerns for adverse effects.
Some osteoarthritis studies have raised concerns about
cartilage damage from IA corticosteroid exposure in
addition to the lack of response [19]. The clinical rele-
vance of such cartilage degradation, however, is unclear
at the individual patient level [20]. While many new
agents are under investigation as IA agents for OA, such
momentum is lacking in RA.
One potential reason for this lack of benefit, especially

from single IA MTX injections, is due to the elimination
half-life of IA MTX which is just 2.9 h [21]. This time is
insufficient for any cytotoxic effect to cause a chemical
synovectomy. Therefore, there may be some rationale
behind repeated IA injections of MTX and indeed the
2018 study in our analysis showed a response [12].
These pharmacodynamics have generated an interest in
developing conjugated compounds to provide longer re-
tention of IA MTX [22]. For reference, the half-life of IA
triamcinolone acetonide is between 3.2 and 6.4 days [23].
Others have postulated that methotrexate does not have
significant intracellular uptake with IA administration,
and this could decrease the adenosine release hypothe-
sized to be a major mechanism of action in rheumatoid
arthritis [24, 25].
TNF is found in inflamed joints and thus a therapeutic

response from an IA TNF-i injection is expected [26]. IA
TNF-i can bind the local TNF to ameliorate inflamma-
tion and pain. It is possible that lack of TNF-i uptake in
a joint may be the reason for persistent monoarthritis in
an otherwise well-controlled RA patient on TNF-I ther-
apy. This may be particularly true for the knee joint with
its large synovial surface area and higher inflammatory
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milieu. IA etanercept studies included in our review
were more helpful, compared to the IA MTX studies, as
they all compared etanercept with IA corticosteroids or
saline. No head-to-head IA corticosteroid study showed
inferiority of IA etanercept [13–15]. Thus, IA etanercept
could potentially be used in lieu of an IA corticosteroid,
if needed. More importantly, and unlike IA MTX, IA
etanercept was superior when compared to normal sa-
line at 2 weeks [16]. This 2 week response duration is
consistent with the half-life of etanercept, which is 68 h
based on subcutaneous administration as IA half-life is
unknown [27]. Rapid joint clearance, mediated by an ef-
ficient lymphatic drainage system, remains a challenge

for IA therapies. Another study also showed the super-
iority of etanercept compared to methlyprednisone at 1
week, equality at 4 weeks and superiority of methlypred-
nisone at 12 weeks [18]. The important question of the
utility of serial IA etanercept injections, like every 3
months similar to corticosteroids, has not been investi-
gated. The study by Roux et al. showed sustained simi-
larity in response between IA etanercept and IA
betamethasone till 24 weeks, which is encouraging [15].
The study by Carubbi investigated three IA TNF-i (adali-
mumab, etanercept and infliximab) compared to IA cor-
ticosteroids and found IA TNF-i to generate significantly
superior clinical and imaging outcomes [17].

Table 3 Revised Cochrane risk-of-bias tool for randomized trial for intra-articular methotrexate trials

Key: = Low risk of bias = Some concern of bias = High risk of bias

Table 4 Revised Cochrane risk-of-bias tool for randomized trial for intra-articular TNFi trials

Key: = Low risk of bias = Some concern of bias = High risk of bias
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Reassuringly, they also did not report any concerning
adverse effects especially considering patients were also
on parenteral TNF-i (similar to the IA agent). None of
the included studies in our review investigated combined
IA corticosteroid and TNF-i. However, a case series
showed sustained 12months remission when the active
joint with synovitis was injected with such a combin-
ation [28]. Adalimumab (40 mg) was the main TNF-i
(four out of five patients) used in this series. It is not-
able, that the benefit was only seen in TNF-i naïve pa-
tients. An uncontrolled study has shown infliximab as an
effective IA therapy, even in patients already taking a
TNF-i [29]. Ultrasound findings did show an improve-
ment in this study. On the contrary, some infliximab
series have not shown any benefit [30]. There is some
basis to suggest efficacy from a second IA TNF-i injec-
tion as the first one may help reduce vascularity thus
limiting systemic absorption and promoting a longer
local effect from the subsequent injection [1, 31].
Overall, the IA therapy with MTX and TNF-i was

well-tolerated with no notable adverse effects in the in-
cluded studies. US usage ensured proper drug placement
and allayed concerns of IA reactions from TNF-i place-
ment [32]. We do note a case of development of miliary
tuberculosis after an IA TNF-i injection [33]. Therefore,
infection screening process prior to IA TNF therapy
should be similar to that of systemic therapy. Anti-drug
antibody formation after a single IA TNF-i has been re-
ported [34].
Our study appears to be the first systematic review in-

vestigating the utility of non-corticosteroid immunosup-
pressive IA therapies for persistent monoarthritis in
inflammatory arthritis patients. Considering the study
question, publication bias risk is possible but less likely
because even a negative result should not preclude pub-
lication. Limitations of this systematic review include the
exclusion of non-English language studies which may
create bias, variability in treatment doses, and heterogen-
eity of study protocols. Since these studies assessed
intra-articular therapies, a strong component of placebo
therapeutic response is possible and cannot be dis-
counted [35]. Most of the studies investigating TNF-i
had low risk of bias while MTX studies generally had
higher bias risk. No cost-effectiveness analyses were
reported.

Conclusion
In conclusion, MTX likely has minimal utility, if any, as
an IA agent for treatment of monoarthritis in patients
with inflammatory arthritis. TNF-i in general, and spe-
cifically etanercept, have data supporting their use as IA
agents in select patients with inflammatory arthritis
when systemic treatment is not an option and IA corti-
costeroids cannot be used. More research is needed to

investigate the optimal dose and frequency of IA TNF-i
as well as to investigate the long-term results of IA
TNF-i therapy. Cost-effectiveness data is also needed.
Development of novel IA agents will greatly facilitate
treatment of inflammatory monoarthritis.
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